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Motivation
Gas and dust in ISM 
      (~kpc) 
Molecular clouds 
        (few pc, 102 cm-3)
Dense core  
    (0.1 pc, 105 cm-3)
Protostellar systems 
(1000 - few 1000 AU, >107 cm-3)
Stars + planets (10-100 AU)
CARMA Large-Area Star-
Formation Survey (CLASSy)
!
• Cover areas of parsec scale with several thousand AU resolution 
!
• Insights for star formation from dense gas structure and kinematics 
!
• Span a wide range of activity levels from relatively quiescent regions 
to active cluster forming regions
CLASSy Key Project
• 5 regions of varying activity: 
NGC 1333, B1, L1451 (Perseus 
SFR), Serpens Main, Serpens 
South (Serpens SFR)  
!
• ~ 100s of sq. arcminutes 
!
• ~ 700 hours observing time in 
DZ/EZ  configs. ~ 7” (~1500 AU) 
resolution 
!
• CARMA interferometric + 
autocorrelation data in 3 mm 
continuum and HCN, HCO+, and 
N2H+ J=1-0 lines
Serpens Main
Why N2H+, HCO+, and HCN  
... and not CO?
• They have high dipole 
moments so their emission 
dominantly arises in dense 
gas (n > 105 cm-3) 
!
• HCO+ in regions of high 
ionization and CO abundance 
!
• N2H+ destroyed by CO; CO 
freeze out onto grains (< 20 
K)  permits N2H+ 
!
• HCN is intermediate. It 
doesn’t like ionization but it 
doesn’t like cold places either
Serpens South
Perseus Region
Serpens Region
N2H+ and Dust
Storm et al. (2014)
Evidence of Protostellar Activity
Storm et al. (2014)
Comparison of Molecules: B1
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Comparison of Molecules: L1451
Storm et al. in prep.
Perseus Gas



Filaments and Filaments and Filaments  
Evidence: Morphology and 
kinematics. (Lee et al, 2014)
Serpens Main
Serpens South
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Density and Star Formation
Lee et al. 2014
N2H+ (cont.) 
Herschel 350 um
Density and Star Formation
Lee et al. 2014
Density and Star Formation
Lee et al. 2014
Extension to CLASSy 2
• Extension of CLASSy to ~5 filaments in several other lines: 
• H13CO+, H13CN, HNC J=1-0 
•  C18O J=1-0, 13CO J=1-0, CH3CN J=12-11 
!
• 250 hours of observing time to study different tracers of the cold dense gas, 
chemical effects, etc. 
Extension to CLASSy 2
• Serpens Main, East filament 
Unfortunately…
Unfortunately…
RIP CARMA 
!
2005 - Apr. 3, 2015
CLASSy Summary
• Exciting new dataset to analyze molecular clouds- data release 
papers soon (3 published, 1 in prep) 
!
• Dendrograms show complexity depends on star formation 
activity 
!
• Clouds show signatures of structure evolution with age 
!
• Correlation b/w dense gas tracers / mass and YSO population
